Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) has become a frequently used method in gene expression studies. The relative quantification method is an important and common method for the evaluation of RT-qPCR data.
Introduction
Cholangiocarcinoma (CCA) is an uncommon tumor that may originate from anywhere in the biliary epithelium (1). In America, the incidence of this disease is 1.4-1.7 per 100,000 individuals (1, 2) , whilst Chinese patients with CCA account for >55% of cases worldwide (3) . Complete tumor resection is considered to be the most efficient therapy for CCA; however, only 10% of patients are regarded as candidates for surgical resection as CCA may be highly malignant and progress rapidly, making surgical resection no longer an option for the majority of patients upon diagnosis (1) . Long-term survival remains poor in patients that are not candidates for surgical resection, and the 5-year survival rate is ~5% (4) .
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) is regarded, at present, as the gold standard for efficient and sensitive analysis of gene expression (5) (6) (7) . In order to produce reliable data, however, gene expression levels must be normalized using two or more reference genes (8) (9) (10) . Ideal reference genes are those which are stable, unregulated and invariable under the conditions of the experiment. Thus, it is important to conduct validation experiments to assess reference gene expression stability for each target tissue and disease (11, 12) . To the best of our knowledge, studies on the selection of suitable reference genes for use in target gene profiling in CCA tissues and cell lines have not been previously published.
The aim of the present study was to identify the most suitable reference gene or set of genes for target gene profiling of CCA. The stability of 12 common reference genes were validated in CCA tissues and paired normal tissues from 20 patients with CCA. In addition, the stability of the reference genes was validated in one CCA cell line. Three common programs, GeNorm (8) NormFinder (13) and BestKeeper (14) ,
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were employed for analysis of the reference genes. In order to determine the validity of the reference genes, a target gene, KRAS, which is closely associated with CCA (15) , was used as a normalizer. The present study provides useful information regarding the selection of a suitable reference gene to utilize in future gene expression studies in CCA tissues and cell lines.
Materials and methods

CCA samples.
A total of 20 tissue samples were obtained from patients that were treated for CCA by resection surgery between January 2009 and December 2013 at China-Japan Union Hospital of Jilin University (Changchun, China). Written informed consent was obtained from the patients for the use of their tissues in the present study. Paired normal samples were collected from tissues adjacent to the tumor. All samples were snap-frozen in liquid nitrogen immediately following excision and stored at -80˚C until required. All tumors were histopathologically diagnosed and staged according to the American Joint Committee on Cancer (16) . The characteristics of the patients are summarized in Table I . The study protocol was approved by the Ethics Committee of the China-Japan Union Hospital.
Cell lines. The human CCA cell line QBC939 was purchased from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China) and was cultured in RPMI-1640 (Invitrogen ® ; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum and 0.02 mg/ml kanamycin (both Gibco ® ; Thermo Fisher Scientific, Inc.).
RNA extraction and RT.
Tissue samples and the cell line were homogenized in Trizol ® Reagent (Invitrogen ® ; Thermo Fisher Scientific, Inc.) and purified with the RNeasy ® Mini kit (Qiagen, Inc., Valencia, CA, USA). DNase I (Qiagen, Inc., Valencia, CA, USA) was used to eliminate genomic DNA contamination. Concentrations and quality of the isolated RNA were measured using a Synergy™ HT microplate reader (Bio-Tek Instruments, Inc., Winooski, VT, USA) at a A 260 /A 280 ratio. The quality standard of the RNA samples was 1.9-2.2. The integrity of RNA samples was determined using electrophoresis on a 1% agarose gel (Invitrogen; Thermo Fisher Scientific, Inc.). RT was performed using an All-in-One™ First-Strand complementary (c)DNA Synthesis kit (GeneCopoeia, Inc., Rockville, MD, USA) in a total volume of 25 µl, following the manufacturer's protocol.
qPCR. Primer pairs of 12 putative reference genes were designed using Primer Premier version 5.0 (Premier Biosoft International, Palo Alto, CA, USA) and were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China) (Table II) . A LightCycler ® 480 Real-Time PCR System (Roche Diagnostics GmbH, Mannheim, Germany) was used for qPCR. Reactions were performed with All-in-One™ qPCR Mix (GeneCopoeia, Inc.), according to the manufacturer's protocol. All samples were run in triplicate on 96-well plates. The total PCR volume was 20 µl, comprising 2 µl cDNA. The following cycling conditions were used: 55˚C for 5 min; 95˚C for 5 min, then 40 cycles of 95˚C for 20 sec, 55˚C for 20 sec and 72˚C for 4 min. The cycle was followed by melting curve analysis, and baseline and cycle threshold values (Cq values) were automatically determined for all samples using Roche LightCycler 480 software (version 1.5). A standard curve was constructed for each primer pair to determine product specificity. Cq values were identified using quantitative comparison of the amplification of the candidate genes. Cq values were calculated to relative quantities for data analysis according to the PCR efficiencies of the candidate genes using the following equation (17): Q = 2 -ΔCq . PCR efficiency. A random pool of cDNA was selected from the 20 patient samples and was 2-fold serially diluted (range, 1:1-1:100,000). The PCR efficiencies were calculated using the slopes of the calibration curves and the following formula: E = 10 -1/slope (18) . PCR efficiencies are presented in Table II .
Evaluation of reference gene stability. Statistical analyses were conducted with GraphPad Prism software (version 5.0; GraphPad Software, Inc., La Jolla, CA, USA) and SPSS 16.0 (SPSS Inc., Chicago, IL, USA). In order to evaluate the differential expression of target genes, one-way analysis of variance with the Dunnett's test was used. P<0.05 was considered to indicate a statistically significant difference. The samples were divided into the following six groups: CCA tissue; adjacent non-neoplastic tissue; CCA cell line; matched pairs of adjacent non-neoplastic and CCA tissues; CCA tissue and cell line group; and total samples. Subsequently, to improve the evaluation of the stability of the reference genes, three frequently used programs were selected: GeNorm (genorm.cmgg.be/), NormFinder (moma.dk/normfinder-software) and BestKeeper (gene-quantification.de/bestkeeper.html). GeNorm has been designed to establish reference genes for RT-qPCR and analyzes and determines the M-value of reference genes. The M-value is the stability of reference gene expression. The higher the M-value, the poorer the stability of the reference gene; the default value suggested by GeNorm is M=1.5. If the M-value is >1.5, it is not suitable to be used as a stable and reliable reference gene (8) .
GeNorm software may also be used to analyze the pairwise variation value of the normalization factor (V), which has a default value of 0.15. Pairwise variation (V n/n+1 ) was calculated between the two sequential normalization factors (NF n and NF n+1 ) for all samples to determine the optimal number of reference genes for reliable normalization. The value of V n /V n+1 may be used to determine if adding a new reference gene may greatly affect the normalization of the Fact-value. If the value of V n /V n+1 is >0.15, n+1 reference genes are required as internal controls. If V n /V n+1 is <0.15, then it is not required to use new reference genes. NormFinder software has also been designed to identify the optimal reference gene among a set of candidate genes and it has a similar operation principle to GeNorm. It analyzes expression data, ranks a set of candidate normalization genes according to their expression stability and considers the gene with the minimum expression data as the most stable gene. This software may also be used to compare the stability of inter-and intra-group reference genes. BestKeeper evaluates candidate reference gene stability based on the standard deviation (SD) and correlation coefficient (r-value). If the SD is >1, the gene is not suitable to be used as a stable and reliable reference gene, and the higher the r-value, the more stable the reference gene.
Target gene relative expression analysis. KRAS is a proto-oncogene and is important in CCA development (15) . The present study evaluated KRAS as a target gene, and the primer sequence is shown in Table II . The analysis of the 20 paired CCA tissue samples for target gene relative expression was calculated according to the 2 -∆∆Cq method (19) using various candidate reference genes as the standard.
Results
RNA quality.
In order to avoid erroneous results, only high-quality RNA samples were used in the present study. Total RNA samples were assessed for concentration, purity and integrity. The mean A 260 /A 280 ratio of the RNA samples was 2.01±0.045. The integrity of RNA samples was characterized by the 28S/18S ratio, which was >1.5, on 1% agarose gels.
The sequences of primers, corresponding length of the amplified products and the PCR amplification efficiency are shown in Table II . The present study used two methods to verify the specificity of the primers. Firstly, qPCR amplification products were detected using 1% agarose gel electrophoresis (Fig. 1) . Gel imaging demonstrated that the size of the amplified fragments of the reference genes was as expected; the bands were clear and there were no primer dimers or nonspecific banding. In addition, by observing the melting curve of each amplified gene fragment using qPCR, it was demonstrated that all curves had single signal peaks. For the candidate reference genes and the target gene, the amplification efficiency of the standard curve was 1.88-2.16, and all r-values were >0.98. Gene expression. The expression level of the candidate reference genes was determined by the Cq value, which is inversely proportional to the expression level of a gene; the greater the Cq value, the smaller the expression quantity, and vice versa. As shown in Fig. 2 , the Cq value of all the samples ranged from 24.52±4.52 to 35.74±3.67. In all the groups, glyceraldehyde 3-phosphate dehydrogenase (GAPDH) had the Table II . Primer sequences, product size and PCR efficiency of 12 reference genes and KRAS, a target gene. Stability analysis of the candidate reference genes using GeNorm analysis. GeNorm was used to select the optimal reference genes. Two parameters were considered to quantify reference gene stability: M-value (average expression stability) 
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and V n /V n+1 (pair-wise variation). GeNorm software eliminates the gene with the highest M-value and repeats the process until only two genes remain. The M-values of the 12 candidate reference genes in each group are shown in Fig. 3 . The software analysis indicated that pumilio RNA binding family member 1 (PUM1) and ribosomal protein L29 (RPL29) were the most stable reference genes of the total samples group and the CCA cell line group. Similarly, in the CCA tissue and cell line group, PUM1 and RPL29 were the most stable, followed by actin-β (ACTB). In the adjacent non-neoplastic group, ACTB and hypoxanthine phosphoribosyltransferase 1 (HPRT1) were the most stable. In CCA and adjacent non-neoplastic tissue groups, ACTB and TATA-box binding protein (TBP) were the most stable reference genes. In the CCA tissue group, the most stable reference genes were β-2-microglobulin (B2M) and GAPDH.
To determine the optimal number of required reference genes for each group, V n /V n+1 was evaluated using GeNorm; the default threshold value is 0.15. However, as stated by Wan et al (20) , 0.15 is not an absolute cutoff value, but rather an ideal value, which is dependent on the expression of the 
genes and the diversity of the samples tested. The number of reference genes recommended to be used in each group is shown in Fig. 3B . The combination of 8 reference genes in the total sample group is the optimum (V8/9=0.219), while 7 is the optimum in the CCA tissue group (V7/8=0.150); in addition, the adjacent non-neoplastic tissue group has an optimum combination of 11 reference genes (V11/12=0.107). The combination of 8 reference genes in the CCA cell line group is the optimum (V8/9=0.178), while 6 is the optimum in matched pairs of adjacent non-neoplastic and CCA tissues group (V6/7=0.140). The CCA tissue and cell line group has an optimum combination of 7 reference genes (V7/8=0.191).
Stability analysis of candidate reference genes using NormFinder analysis.
NormFinder was used to validate the most stable genes (Fig. 4) . According to the analysis, in the total samples group, the most stable reference gene was RPL29, followed by TBP, and the recommended combination was ACTB and PBGD. In the CCA cell line group, the most stable reference gene was 18S ribosomal RNA (18SrRNA), followed by PUM1. In the CCA cell line and CCA tissue group, ACTB was the most stable followed by TBP. In the adjacent non-neoplastic group, HPRT1 was the most stable gene, followed by ACTB. In CCA tissue and adjacent non-neoplastic tissue group, GAPDH was the most stable reference gene, followed by 5'-aminolevulinate synthase 1 (ALAS1). In CCA tissue group, the most stable reference gene was TBP followed by ALAS1.
Stability analysis of the candidate reference genes using
BestKeeper analysis. BestKeeper also identified the most stably expressed genes by comparing the r-value and the SD as shown in Figs. 5 and 6. The number of candidate reference genes that could be analyzed by this software was limited (14) ; therefore, only 10 candidate reference genes were analyzed for each group, based on the result of GeNorm. The analysis demonstrated that the SD value in the total samples group was >1, which does not necessarily indicate that the 10 candidate internal reference genes are all unstable, as results from a single software program is not sufficient to confirm this. According to the r-value, the most stable internal reference gene in the total samples group was ACTB. In the CCA cell line group, the most stable reference gene was 18SrRNA, followed by PUM1. In the CCA cell line and tissue group, ACTB was the most stable reference gene followed by B2M. Figure 4 . Candidate reference genes for normalization according to their expression stability calculated using NormFinder in various groups. The x-axis from left to right represents the ranking of stability of the reference genes. CCA, cholangiocarcinoma; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; ACTB, actin-β; PPIA, peptidylprolyl isomerase A; B2M, β-2-microglobulin; 18S, 18S ribosomal RNA; HPRT1, hypoxanthine phosphoribosyltransferase 1; ALAS1, 5'-aminolevulinate synthase 1; GUSB, glucuronidase-β; TBP, TATA-box binding protein; PUM1, pumilio RNA binding family member 1; RPL29, ribosomal protein L29; PBGD, porphobilinogen deaminase.
In the adjacent non-neoplastic group, RPL29 was the most stable gene, followed by TBP. In CCA tissue and adjacent non-neoplastic tissue group, ALAS1 was the most stable reference gene, followed by PBGD. In CCA tissue group, the most stable reference gene was TBP, followed by ALAS1.
Relative KRAS expression. The analysis of a target gene's relative expression is affected by the selection of reference genes (7). As shown in Fig. 7 , when TBP, GAPDH, ACTB and ALAS1, which are recommended by the present study, were used as reference genes for KRAS (a target gene), there was no significant difference in the expression of the KRAS gene. The level of expression of KRAS in CCA tissue did not vary when these samples were normalized using TBP (P=0.161), GAPDH (P=0.156), ACTB (P=0.128) or ALAS1 (P=0.157). However, when glucuronidase-β (GUSB; P=0.004) was selected as the reference gene for normalization, the relative expression of KRAS in CCA tissue was clearly different, compared to the other candidate reference genes.
Discussion
Since RT-qPCR is fast, has a high sensitivity and provides quantifiable data, it is commonly used for the analysis of gene expression (17) . However, during the RT-qPCR process, the difference in quality and quantity of RNA and synthetic efficiency of cDNA and PCR amplification may lead to significant deviations of the results. Therefore, during the detection of target gene expression, a gene with a stable expression is required as a reference. Recent studies have revealed defects in all commonly used reference genes, which often vary greatly in expression quantity in various types of cells and tissues, stages of cell amplification and organ development and in vitro culture and experimental conditions (9, 10, (20) (21) (22) . To the best of our knowledge, there have been no systematic comparisons performed concerning the stability of commonly-used reference genes in CCA tissues and cell lines. Early diagnosis of CCA is challenging, and it is problematic to achieve a satisfactory therapeutic effect in patients (2, 3) . In addition, evaluating the prognosis of patients with CCA is inaccurate. Therefore, with the development of CCA-associated studies using gene profiling, it is essential to determine stable and reliable reference genes.
In order to acquire accurate experimental data and reliable conclusions, the present study was designed with following features: Matching of malignant and non-malignant specimens from the same patient was adopted so as to reduce individual differences; the specimens were not collected according to the Figure 5 . Stability values of the candidate reference genes evaluated using BestKeeper in various groups, which shows the r-values of the candidate reference genes; the higher the r-value, the more stability the reference gene possesses. CCA, cholangiocarcinoma; r-value, coefficient of correlation; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; ACTB, actin-β; PPIA, peptidylprolyl isomerase A; B2M, β-2-microglobulin; 18S, 18S ribosomal RNA; HPRT1, hypoxanthine phosphoribosyltransferase 1; ALAS1, 5'-aminolevulinate synthase 1; GUSB, glucuronidase-β; TBP, TATA-box binding protein; PUM1, pumilio RNA binding family member 1; RPL29, ribosomal protein L29; PBGD, porphobilinogen deaminase.
grade and stage of tumors, and as previous studies indicate, the expression of a reference gene is not directly associated with the grade and stage of malignant tumors (21) ; the selected samples were all characterized as malignant tissue samples by the pathology department of the China-Japan Union Hospital of Jilin University, and the pathology observed in the samples indicated the most common pathological type of CCA, adenocarcinoma; the QBC939 cell line was also used as it is a commonly used human CCA cell line; the stability evaluation on reference genes for the selected histological samples and cell lines of human CCA was implemented to make the experimental results more comprehensive, compared with previous studies (9, 10, 21, 22) where the stability evaluation on reference genes was restricted on ceratin tissues or cell lines; and the stability of 12 common reference genes was compared.
The present study utilized GeNorm to analyze the reference genes. This software is based on a pairwise-comparison statistical model. By calculating the M-and V-values, the present study determined the two most stable reference genes and the best reference gene combination for various tissue groups and the CCA cell line. By calculating the value of V, the optimal reference genes combination number for each group was greater than six. Therefore, considering a previous study (8) , the present study recommends three internal genes as the most appropriate. NormFinder, which uses analysis of variance as the statistical model, demonstrated similar results to those observed with GeNorm. Finally, in order to reduce the one-sidedness of GeNorm and NormFinder, the present study also used BestKeeper for analysis. However, the analysis results of BestKeeper are different to those observed with GeNorm and NormFinder. Previous studies hypothesize that this may be due to differences in the statistical model that BestKeeper uses; therefore, it is less effective for ranking reference gene stability compared with GeNorm and NormFinder (20) (21) (22) . Based on comparisons of results among the three programs, the present study recommends the following most stable reference genes, which have been confirmed through analysis by ≥2 programs: Total samples group, RPL29; CCA tissue group, TBP; CCA cell line and CCA tissue group, ACTB; CCA cell line group, 18SrRNA; CCA tissue and adjacent non-neoplastic tissue group, ALAS1; and adjacent non-neoplastic tissue group, HPRT1.
The observation that KRAS gene expression depended on the normalization method used illustrates the significance of reference genes for obtaining dependable expression data. If RAS genes mutate, the encoded P21 protein conformation may alter, leading to excessive cell proliferation and eventually causing the development of cancer (23) . The RAS gene most associated with CCA is KRAS (23), followed by NRAS. The present study selected the most stable reference genes recommended by GeNorm, NormFinder and BestKeeper, and also GUSB, which has poor stability, as the standard for relative quantification analysis (8) . The results indicated that the relative expression quantities of KRAS varied significantly, illustrating that a suitable reference gene is essential for gene profiling of CCA. Similar erroneous normalizations have been observed in other tissue types, including gastric cancer, when inadequate control genes or normalizing strategies are performed (24) .
In conclusion, the present study recommends the most suitable reference genes and reference gene combinations for human CCA tissue and cell lines to aid in performing gene expression profile analysis. A reliable normalization strategy in such studies may contribute to an improved understanding of the biology of these rare tumors. Elucidation of the molecular expression signatures may lead to more accurate diagnostics as well as identification of prognostic factors and, ultimately, targets for future therapeutics for patients with CCA.
